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A b s t r a c t  
The t h e o r y  o f  p o l a r i z a t i o n  t r a n s f e r  i n  an inhomogeneous magne- 
t i z e d  plasma medium i s  extended t o  i n c l u d e  t h e  e f f e c t s  of t h e  mode- 
c o u p l i n g  phenomenon. The r e s u l t a n t  sys tem of p o l a r i z a t i o n  t r a n s f e r  
e q u a t i o n s  i s  analyzed f o r  s e v e r a l  s p e c i a l  c a s e s  of i n t e r e s t .  
I .  I n t r o d u c t i o n  
Based on t h e  observed p o l a r i z a t i o n  p r o p e r t i e s  of c e r t a i n  a s t r o -  
p h y s i c a l  emiss ion ,  i t  i s  d e s i r a b l e  t o  deduce t h e  p o l a r i z a t i o n  c h a r a c -  
t e r i s t i c s  of t h e  waves emi t t ed  a t  t h e  s o u r c e .  I n  such i n v e s t i g a t i o n s ,  
one h a s  t o  s t u d y  t h e  p o l a r i z a t i o n  t r a n s f e r  of t h e  r a d i a t i o n  t h r o u g h  
t h e  i n t e r v e n i n g  medium. Genera l ly ,  two methods a r e  used t o  s t u d y  t h e  
p o l a r i z a t i o n  t r a n s f e r  of e.m, waves ( ~ o r n  and Wolf, 1959; Kawabata, 1964;  
Ka i ,  1965;  Zheleznyakov, 1968;  Fung, 1969): (1) u s e  t h e  sys tem o f  wave 
e q u a t i o n s  and s t u d y  t h e  s p a t i a l  t r a n s f e r  of t h e  wave c h a r a c t e r i s t i c s  
through t h e  medium; ( 2 )  s t u d y  t h e  t r a n s f e r  of t h e  S t o k e s  p a r a m e t e r s ,  
P r a c t i c a l l y ,  i t  i s  more d i f f i c u l t  and t e d i o u s  t o  u s e  method 1. The 
reason  f o r  t h i s  can  be  unders tood  a f t e r  c o n s i d e r a t i o n  of t h e  d i f f e r e n t  
c h a r a c t e r i s t i c  l e n g t h s  invo lved  i n  t h e  two systems of  e q u a t i o n s  appro- 
p r i a t e  t o  t h e  two methods;  t h e s e  l e n g t h s  a r e  t h e  s p a t i a l  d i s t a n c e s  re -  
q u i r e d  f o r  one p e r i o d i c  v a r i a t i o n  of t h e  v a r i a b l e s  cons idered  i n  each 
system of e q u a t i o n s .  The c h a r a c t e r i s t i c  l e n g t h  of t h e  p o l a r i z a t i o n  
t r a n s f e r  e q u a t i o n s  ( d e s c r i b i n g  t h e  t r a n s f e r  of S t o k e s  pa ramete rs )  i s  
t h e  d i s t a n c e  of one complete  Faraday r o t a t i o n ,  which, i n  most a s t r o -  
p h y s i c a l  plasmas,  i s  much l a r g e r  t h a n  t h e  c h a r a c t e r i s t i c  l e n g t h  o f  
t h e  wave e q u a t i o n s  ( i . e .  t h e  wavelength) .  I f  t h e  medium can be con- 
s i d e r e d  a s  " s lowly  varying"  f o r  c e r t a i n  r a d i a t i o n  f requency,  it i s  
t h e r e f o r e  more conven ien t  t o  s t u d y  t h e  t r a n s f e r  of p o l a r i z a t i o n  p ro-  
p e r t i e s  by means of method 2. Moreover, t h e  a d d i t i v e  p r o p e r t y  of t h e  
S t o k e s  pa ramete rs  e n a b l e s  t h e  s imul taneous  hand l ing  of v a r i o u s  pheno- 
mena l i k e  t h e  d i f f e r e n t i a l  a b s o r p t i o n  of t h e  two c h a r a c t e r i s t i c  modes, 
e m i s s i v i t y  o f  t h e  medium, e t c .  However, i t  should be remarked t h a t  t h e  
1 
S t o k e s  p a r a m e t e r s  a y e  macroscop ic  q u a n t i t i e s ,  hence  any v a r i a t i o n  of 
m i c r o s c o p i c  q u a n t i t y  l i k e  t h e  v a r i a t i o n  i n  phase  v e l o c i t y  ( d u e  t o  mode 
c o u p l i n g ,  f o r  example) c a n  o n l y  b e  deduced by method 1. 
The i n v e s t i g a t i o n  of t h e  t r a n s f e r  o f  wave p o l a r i z a t i o n  i n  homoge- 
neous  magnet ized p lasmas ,  i n c l u d i n g  Fa raday  r o t a t i o n  and d i f f e r e n t i a l  
a b s o r p t i o n ,  was i n i t i a t e d  by Kawabata (1964) and Kai ( 1 9 6 5 ) .  Weak 
a n i s o t r o p y  of t h e  plasma was i n c l u d e d  l a t e r  i n  t h e  t h e o r y  of Sazonov 
and T s y t o v i c h  (1968). Zheleznyakov (1968)  ex tended  t h e  t h e o r y  f o r  
t h e  c a s e  of  q u a s i - l o n g i t u d i n a l  p r o p a g a t i o n  i n  a  medium w i t h  an a r b i t r a r y  
d e g r e e  of  a n i s o t r o p y .  The p o l a r i z a t i o n  t r a n s f e r  of  r a d i o  waves t h r o u g h  
a  magnet ized plasma a t  an a r b i t r a r y  d i r e c t i o n  t o  t h e  s t a t i c  magne t i c  
f i e l d  h a s  been i n v e s t i g a t e d  by Fung (1969). I n  a l l  t h e s e  s t u d i e s ,  t h e  
two c h a r a c t e r i s t i c  modes ( o r d i n a r y  and e x t r a o r d i n a r y )  a r e  t r e a t e d  a s  
independen t  d u r i n g  t h e  r a d i a t i v e  t r a n s f e r .  However, w e  know t h a t  when 
e l e c t r o m a g n e t i c  waves p r o p a g a t e  i n  an inhomogeneous magnet ized p lasma,  
magnetoionicmode c o u p l i n g  c a n  b e  s i g n i f i c a n t  ( s e e  Cohen, 1960) ,  and 
t h i s  c a n  a f f e c t  t h e  p o l a r i z a t i o n  p r o p e r t i e s  o f  t h e  r a d i a t i o n  remarkab ly .  
I t  i s  t h u s  t h e  purpose  o f  t h i s  p a p e r  t o  d e r i v e  a  more g e n e r a l  sys tem of 
e q u a t i o n s  d e s c r i b i n g  t h e  t r a n s f e r  of  S t o k e s  p a r a m e t e r s  a t  an  a r b i t r a r y  
d i r e c t i o n  i n  an inhomogeneous magnet ized plasma when t h e  e f f e c t s  of  
magne to ion ic  mode c o u p l i n g  a r e  i n c l u d e d .  The c a l c u l a t i o n  e r r o r  i n  t h e  
d e r i v a t i o n  o f  t h e  p o l a r i z a t i o n  t r a n s f e r  e q u a t i o n s  c a r r i e d  o u t  e a r l i e r  
by Fung (1969)  i s  c o r r e c t e d .  The sys tem of e q u a t i o n  d e r i v e d  i s  analyzed 
f o r  some s p e c i a l  c a s e s  o f  p h y s i c a l  i n t e r e s t .  
1 1 .  D e r i v a t i o n  of P o l a r i z a t i o n  T r a n s f e r  Equa t ions  
The t r a n s f e r  of e l e c t r o m a g n e t i c  r a d i a t i o n  th rough  a  magnetized 
plasma w i l l  be d i s c u s s e d  i n  t e r m s  o f  S t o k e s  pa ramete rs  which comple te ly  
s p e c i f y  t h e  macroscopic p o l a r i z a t i o n  p r o p e r t i e s  of t h e  r a d i a t i o n .  The 
S t o k e s  pa ramete rs  can b e  d e f i n e d  i n  t e r m s  of t h e  p o l a r i z a t i o n  t e n s o r  
and t h e  p o l a r i z a t i o n  t e n s o r  i s  d e f i n e d  i n  t e rms  of t h e  components of 
t h e  e l e c t r i c  i n d u c t i o n  v e c t o r  a s  
where < > i s  t h e  t ime-average o p e r a t o r .  Genera l ly ,  any e lect romag-  
n e t i c  wave p r o p a g a t i n g  a long  t h e  z - d i r e c t i o n  can be expressed a s  t h e  
sum of two c h a r a c t e r i s t i c  modes ( s e e  Kawabata, 1964): 
where Ao(z) ,  A ( z )  = wave ampl i tudes  of t h e  o  and e  modes, 
e  
r e s p e c t i v e l y  
$e, Jlo = t h e i r  i n i t i a l  phases  
,-. k ( z )  = G(z)  + i n ( z )  where t h e  r e a l  p a r t  k ( z )  i s  t h e  wave num- 
number, and t h e  imaginary p a r t  u ( z )  i s  t h e  amplitude- 
abso rp t ion  c o e f f i c i e n t  
t h e  s u b s c r i p t  i t a k e s  t h e  va lue  x ,y .  
v v = components of t h e  p o l a r i z a t i o n  v e c t o r s  expressed i n  i e '  i o  
terms of t h e  Appleton-Hartree parameters  X,Y,8, a s  given 
by Kai (1965) : 
where 
Y = Y s i n  8  
T 
Y = Y cos  0 L 
The components of t h e  p o l a r i z a t i o n  vec to r s  s a t i s f y  t h e  fol lowing 
or thogonal  re1 a t i o n s :  
When t h e  medium can be considered a s  slowly varying,  t h e  changes 
of t h e  ampli tudes A i n  space due t o  t h e  mode-coupling phenomenon Ao' e 
can be expressed a s  ( s e e  Chin and Fung 1970) 
where t h e  coupl ing  c o e f f i c i e n t s  C and t h e  c h a r a c t e r i s t i c  pola-  
'0' e  
r i z a t  ion  Ro a r e  def ined  a s  fol lows:  
e 
R: k3 eC = - exp 
0 R o - R e k 3  
0 
where Y = Y cos  @; Y = Y s i n  @; t h e  prime r ep re sen t s  d i f f e r e n -  
x T  Y T  
t i a t i o n  wi th  r e spec t  t o  z .  
0 For  s i m p l i c i t y ,  a  coo rd ina t e  system ( @  = 90 ; s e e  F ig .  1 )  with 
a  magnetic f i e l d  i n  t h e  yz-plane i s  chosen, and t h e  thermal absorp t ion  
N 
i s  neglec ted  i n  Co and Ce i n  comparison t o  t h e  wave numbers ko 
N 
and ke. A s  a  r e s u l t ,  Ro and R; a r e  pure imaginary, a s  seen from 
e  e  
(6c )  by s e t t i n g  Y = 0 .  I n  t h i s  case ,  t h e  coupl ing c o e f f i c i e n t s  
X 
Co and Ce i n  E q .  (6 )  a r e  t hen  r e a l :  
F i g .  1 Coordinate  system of t h e  problem 
0 I t  should be noted t h a t ,  f o r  t h e  coo rd ina t e  system with @ = 90 , 
Ro = l / R e  and t h i s  r e s u l t  ha s  been used f o r  t h e  above d e r i v a t i o n .  
Following t h e  method of Fung (1969) and Zheleznyakov (1968), we 
o b t a i n  t h e  fo l lowing  equa t ion  desc r ib ing  t h e  t r a n s f e r  of t h e  p o l a r i z a -  
t i on  t e n s o r  Iij: 
where 
* * * * 
'i j l m  e  i e  j e  l e  m e  v v = 2x  v v v v + 2uevievjo lo mo 
* * * * 
v .  v v ) 
+ (xe+'o)(vievjovlevmo * 'io j e  l o  mo 
N N * * * * 
Ri j l m  = i (ke-kO)(v .  i e  V .  j o  v l e  v mo - v. l o  V .  j e  v l o  V me ) 
* * 
'i j l m  = ce(u  v .  G ? v )  l o  j o  i m  + Gij l e  me 
* * * 
+ c0( vievjeGlm + ~ ~ ~ v ~ ~ v ~ ~ )  
* * 
- G~~ - vievjO< expCi( qe-L) I> + viovje< exp[-i( te-b) I> . 
The Ri jlm term cha rac t e r i zed  t h e  Faraday r o t  a t  i on  on t h e  p o l a r i z a -  
t i o n  t r a n s f e r  of t h e  waves, and 
'i j l m  s p e c i f i e s  t h e  e f f e c t s  of ab- 
s o r p t i o n  on t h e  t r a n s f e r  of i n t e n s i t y  and p o l a r i z a t i o n .  The changes 
i n  t h e  p o l a r i z a t i o n  p r o p e r t i e s  of t h e  waves caused by t h e  mode-coupling 
phenomenon i s  contained i n  t h e  t e n s o r  Cij lm,  Because t h i s  phenomenon 
i n  non l inea r ,  t h e  S tokes  parameters  w i l l  be non l inea r ly  r e l a t e d  a s  seen 
from t h e  d e f i n i t i o n  of 
'i j l m  . General ly  speaking, a  source  terms 
'ij (which d e s c r i b e s  t h e  c o n t r i b u t i o n  t o  I from t h e  medium) can i j 
be added t o  t h e  right-hand s i d e  of Eq. ( 8 ) .  The s t r u c t u r e  of equa t ion  
(8) man i f e s t s  t h e  convenience of t h e  a d d i t i v i t y  proper ty  of t h e  S tokes  
parameters  i n  handl ing d i f f e r e n t  phenomena. 
The equa t ions  desc r ib ing  t h e  t r a n s f e r  of t h e  S tokes  parameters  
now can be der ived  us ing  t h e  method developed by Zheleznyakov (1968) 
and by Fung (1969) 
+ 2 ( c  e  +C o ) 6 o e  cos  
2 2 
- 2(bl-b2) (c' e  -C o ) fi o e cos  
+ 4b b  ( C  -C ) fi cos 1 2  e  o  o e  
- 
I n  t h e  above system of equa t ions  t h e  q u a n t i t i e s  
o  'e,o' b1,2' 
C a r e  i n  gene ra l  f u n c t i o n s  of z .  
e ,o  
The i n i t i a l  va lues  of t h e  Stokes parameters  can be c a l c u l a t e d  
from Eqs. (2 .21)  and (2 .20 )  of t h e  paper by Fung (1969). 
From Eqs. (9)  and ( l o ) ,  we have t h e  t r a n s f e r  equa t ions  f o r  Ie' I o  
when t h e  e f f e c t s  of mode coupl ing  a r e  included:  
I n  view of Eqs. ( 9 )  and ( l o ) ,  it can be  seen t h a t  t h e  phase r e l a t i o n -  
s h i p  between t h e  two modes, c o n s i s t i n g  of t h e  r e l a t i o n  between t h e  
i n i t i a l  phases and t h e  c o n t r i b u t i o n s  caused by Faraday r o t a t i o n ,  p l ays  
an important  r o l e  i n  t h e  t r a n s f e r  of t h e  Stokes parameters .  
I t  should a l s o  be noted t h a t  i n  t h e  d e r i v a t i o n  of Eq. (9), a  
weakly l o s s y  medium ( such  a s  t h e  s o l a r  corona) has  been assumed; t he re -  
f o r e ,  t h e  absorp t ions  ue and uo have been neglec ted  i n  t h e  d e r i -  
v a t i o n  of t h e  coupl ing c o e f f i c i e n t s  Ce and Co.  If t h e  medium i s  
s i g n i f i c a n t l y  Lossy ( t h a t  i s ,  t h e  amplitude absorp t ions  a r e  no longe r  
- N 
n e g l i g i b l e  i n  comparison t o  ke and ko) ,  t h e  coupl ing c o e f f i c i e n t s  
i n  E q s .  (7 )  become complex. In  t h i s  case ,  t h e  component fed from one 
mode t o  another  w i l l  have a phase s h i f t  dependent on t h e  absorp t ion  of 
t h e  medium. 
P I I .  S p e c i a l  Cases  
I n  t h i s  s e c t i o n ,  we s h a l l  proceed t o  ana lyze  t h e  system of p o l a r i -  
z a t i o n  t r a n s f e r  e q u a t i o n s  d e r i v e d  i n  t h e  l a s t  s e c t i o n  f o r  some s p e c i a l  
c a s e s  of i n t e r e s t .  When t h e  e f f e c t s  of c o u p l i n g  a r e  inc luded ,  t h e  
e q u a t i o n s  d e s c r i b i n g  t h e  t r a n s f e r  of t h e  S t o k e s  pa ramete rs  a r e  invo lved  
and t h e  p h y s i c a l  i n s i g h t  of v a r i o u s  t e rms  i n  t h e  e q u a t i o n s  i s  n o t  ob- 
v i o u s .  T h e r e f o r e ,  w e  s h a l l  o n l y  d i s c u s s  c a s e s  when t h e  mode c o u p l i n g  
phenomenon i s  i n s i g n i f i c a n t .  
( a )  When t h e  i n i t i a l  phase  between waves of t h e  two c h a r a c t e r i s t i c  
modes i s  f i n i t e  
I n  t h i s  c a s e  C  = Co = 0 and system (9)  i s  s i m p l i f i e d  t o  
e  
Equa t ions  ( l l c )  and ( l l d )  a r e  d i f f e r e n t  from t h e  r e s u l t s  p r e s e n t e d  
by Fung (1969) because  a  c a l c u l a t i o n  e r r o r  h a s  been made i n  t h e  p r e v i o u s  
work. 
I n  t h e  above system of e q u a t i o n s ,  t h e  t e r m s  a s s o c i a t e d  wi th  co- 
2  2 - -  
e f f i c i e n t s  such  a s  k 2b b  (2 -2 ) o r  & ( b - b e - k )  i n d i c a t e  1 2  e  o  
t h a t  t h e  magni tudes  of Q, U,  and V a r e  o s c i l l a t i n g  a t  t h e  same 
Faraday- ro ta t ion  r a t e .  The Faraday r o t a t i o n ,  t h e r e f o r e ,  w i l l  no t  simply 
r o t a t e  t h e  whole e l l i p s e  but i t  w i l l  a l s o  change t h e  e c c e n t r i c i t y  of i t s  
e l l i p s e .  The f l u c t u a t i o n  of t h i s  e c c e n t r i c i t y  i s  a l s o  e f f e c t i v e  i n  t h e  
mode-coupling phenomenon, a s  seen from Eqs. ( 9 ) .  For a homogeneous 




u = - [(b:-bz) V + 2blb2Q em[-(ue+uo)z]  s i n  (ke-ko)z 
0  0  V = 2blb2[-I e exp(-2% e z)  + I o  exp(-2uoz) ] 
0  2 2  + u (bl-b2) exp[-(ue+uo)z] s i n  (ze-zo)z 
2  2 .  
OI 
N N 
+ (bl-b2) [(b:-b:) VO + 2blb2Q e x ~ [ - ( ~ + % ) z l  cos  (ke-ko)z (126)  
where 0 0 0 0  Ie, Io, V , U , and CJO a r e  i n i t i a l  va lues .  
I n  gene ra l ,  i f  t h e  dominant absorp t ion  process  i s  thermal i n  
na tu re ,  
'e 
2 uo. From equat ion ( 3 ) ,  we observe t h a t  bl 2 0 and 
b  2 b2. The consequence of t h e s e  r e s u l t s  i s  t h a t  c o e f f i c i e n t s  o f  t h e  1 
2  2 form -(bl-b2)(ue-uo) i n  equa t ions  (11) a r e  nega t ive .  S ince  t h e r e  i s  
no c o e f f i c i e n t  of  t h e  form (he-u0) appearing i n  t h e  d i f f e r e n t i a l  
equa t ion  f o r  U ( i . e .  l l c ) ,  t h e  f i n i t e n e s s  of d i f f e r e n t i a l  abso rp t ion  
w i l l  not  a f f e c t  t h e  n a t u r e  of t h e  v a r i a t i o n  of U i n  z .  Consequently,  
2 2 t h e  degree of  l i n e a r  p o l a r i z a t i o n  p = ( Q  +U ) /I  w i l l  always be  L 
reduced a s  t h e  r a d i a t i o n  propagates  a long .  On t h e  o t h e r  hand, with 
'e ' 
and bl 2 0, t h e  s i g n  of t h e  c o e f f i c i e n t  2b b  ( M, -U ) 1 2  e  o  
(appear ing  i n  l l a  and l l d )  depends on t h e  s i g n  of . From equat ion  b2 
( 3 ) )  i t  i s  c l e a r  t h a t  b2 w i l l  assume nega t ive  va lue  ( p o s i t i v e  va lue )  
when t h e  ang le  8 between t h e  wave v e c t o r  and s t a t i c  magnetic f i e l d  i s  
0 g r e a t e r  ( s m a l l e r )  than  90 . Hence t h e  va lue  of V and t h u s  t h e  degree 
of c i r c u l a r  p o l a r i z a t i o n  (PC = (V ( / I)  w i l l  be decreased o r  increased  
due t o  t h e  e f f e c t s  of d i f f e r e n t i a l  abso rp t ion  (man i f e s t s  i t s e l f  i n  t h e  
c o e f f i c i e n t s  2b b  ( U  -M, ) )  depending on whether 8 i s  sma l l e r  o r  1 2  e o  
0 g r e a t e r  than  90 . 
( b )  When t h e  phase r e l a t i o n  between t h e  two modes i s  randomized. 
When t h e  gene ra t i ng  mechanism i s  incoheren t  o r  when a  l a r g e  amount 
of Faraday r o t a t i o n  occu r s  i n  t h e  source  region,  t h e  phase between t h e  
c h a r a c t e r i s t i c  waves a r e  u s u a l l y  randomized. I n  t h i s  case ,  t h e  pol a- 
r i z a t i o n  t r a n s f e r  equa t ions  a r e  d i f f e r e n t  from t h e  r a d i a t i o n  where a 
d e f i n i t e  phase r e l a t i o n s h i p  appears  between t h e  two c h a r a c t e r i s t i c  
modes. When t h e  phase between t h e  e  and o  modes i s  randomized, 
From E q .  (8), 
When t h e  i n i t i a l  phase between t h e  two modes i n  randomized, t h e  
r e s u l t a n t  wave a f t e r  mode coupl ing  g radua l ly  w i l l  be depolar ized  as  a  
r e s u l t  of t h e  a d d i t i o n  of t h e  components wi th  random phase. No Faraday 
r o t a t i o n  i s  observable  i n  t h i s  c a s e  because a l l  terms r e l a t e d  t o  
N N 
(ke-ko) a r e  missing i n  Eqs. ( 1 2 ) .  The randomization of t h e  phase 
between t h e  two modes f u r t h e r  reduces t h e  number of independent S tokes  
parameters ;  i t  can be seen from Fung (1969) t h a t  U i s  always equa l  
t o  zero, l e a d i n g  t o  t h e  r e s u l t  t h a t  t h e  degree of l i n e a r  p o l a r i z a t i o n  
i s  d i r e c t l y  p ropor t i ona l  t o  Q .  
F o r  l o n g i t u d i n a l  propagat ion,  b  = b  - 1 which imp l i e s  t h a t  1 2  - 
Q = 0. I t  can be seen from Eqs. (13) t h a t  t h e  p o l a r i z a t i o n  of t h e  wave 
can be completely s p e c i f i e d  by I and V .  The n a t u r e  of p o l a r i z a t i o n  
can only  be c i r c u l a r .  For  t r a n s v e r s e  propagation, b  = 0 implying 2  
V = 0 .  The only  S tokes  parameters  l e f t  a r e  I and Q, so  t h a t  t h e  
p o l a r i z a t i o n  i s  l i n e a r .  Therefore ,  f o r  r a d i a t i o n  wi th  no i n i t i a l  phase 
r e l a t i o n s h i p ,  t h e  n a t u r e  of p o l a r i z a t i o n  i s  completely determined by 
t h e  c o n d i t i o n  of t h e  i n t e rven ing  medium, but not by i t s  gene ra t i ng  
mechanism a t  t h e  source .  
Fo r  a  homogeneous medium, Eqs. (12)  can r e a d i l y  be solved,  and 
t h e  s o l u t i o n s  a r e  
These equa t ions  t r a n s i t  t o  t h e  r e s u l t  of Zheleznyakov, cons ide r ing  
0 0 U = Q = 0 i n  t h i s  c a s e .  
I V .  Conclusions 
I n  t h i s  paper ,  t h e  t heo ry  of p o l a r i z a t i o n  t r a n s f e r  developed by 
Kawabata, Kai, Zheleznyakov and Fung has  been extended t o  i nc lude  t h e  
e f f e c t s  of magnetoionic mode coupl ing.  A c a l c u l a t i o n  e r r o r  i n  t h e  
prev ious  d e r i v a t i o n  of t h e  p o l a r i z a t i o n  t r a n s f e r  equa t ions  ( ~ u n ~ ,  1969) 
has  been c o r r e c t e d .  The system of t r a n s f e r  equa t ions  i s  s i m p l i f i e d  and 
analyzed under  s e v e r a l  phys i ca l  assumptions.  From t h i s  s tudy,  we 
observe t h a t  i f  t h e  i n i t i a l  phase r e l a t i o n s h i p  between t h e  two modes 
i n  f i n i t e ,  Faraday r o t a t i o n  not  on ly  r o t a t e s  t h e  p o l a r i z a t i o n  e l l i p s e  
a s  t h e  waves propagate ,  but a l s o  changes t h e  e c c e n t r i c i t y  of t h e  e l l i p s e  
i n  an o s c i l l a t i n g  manner. When t h e  i n i t i a l  phase between waves of 
t h e  two c h a r a c t e r i s t i c  modes i s  randomized, t h e  r e s u l t i n g  p o l a r i z a t i o n  
c h a r a c t e r i s t i c s  of c e r t a i n  r a d i a t i o n  pass ing  through a  medium a r e  mainly 
determined by t h e  p r o p e r t i e s  of t h e  i n t e rven ing  medium. 
The s i g n i f i c a n c e  of t h e  mode coupl ing  phenomenon i n  t h e  observed 
p o l a r i z a t i o n  p r o p e r t i e s  of a s t r o p h y s i c a l  emissions has  been d iscussed  
by Cohen (1960) .  The system of p o l a r i z a t i o n  t r a n s f e r  equa t ions  der ived 
i n  t h i s  paper  can t h e r e f o r e  be r e l evan t  t o  t h e  s tudy  of some t y p e s  of 
cosmic and s o l a r  r ad io  emiss ions .  
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